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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE XO. 360

THE PRESSURE DISTRIBUTION OVER A SQUARE WING TIP
' ON A BIPLANE IN FLIGHT

Page 14, Table IV, Run F¥e. 78, Pressure orifice No. 10, Rib B,
Change : .94
To read: .09

Figurell, Keglect pressure rib locations given and use the

following:
Rib Distance from Root Section
(£5.) (% semispan)

X 6.00 36.33

A 11.00 48.1 .
B 17.37 75.9

g 18.77 83.0

D 20.09 87.8

i 21.37 93.0

22.33 97.6
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TECHNICAL NOTE NO. 380

THE PRESSURE DISTRIBUTION OVER A SQUARE WING TIP
O A BIPLANE IN.FLIGHT
By Richard V. Rhode and Eugene E. Lundquist

Summarcrey

This note presents the results obtained in pressure distri-
bution tests on the right upper penel of a Douglas M-3 airplane

in flight. These tests are a part of an extensive investiga—

tion on the effect of changes in tlp shape on tne load distri-

bution; the results reported he*eln apply to tﬁe following

casess:
. Uﬁper wing tip | Lower wing tip
(a) Square . " Rounded
(b) Square | . Square
(ec) équare with faired end _ Square

The results are given in tables and curves in such form
that the load distribution for any 1lift coefficient within the
usual range encountered in flight may be deternmined easily.
They show that ‘the shape of the lowez tip has no influence on
the load distribution over the upper tip and also that a simple
end fairing on the square tip results in an appreciable reduc-

tion of tip load extending inboard a distance equal to aboutb
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40 per cent of the chord length. The'reduction_in tip load is
accompanied by a simultaneous forward shift_of the center of
pressure on the same part of the wing.

The tests were made at Langley Field, Virginia, by the
National Advigory Committee for Aeronautics in the late summer

and early fall of 1830.-
Introduction- -

There has been evident for some time a need for reliable,

gystematic information on the effect of changes in wing-tip

plan form on the load distribution. For this reason an investi-

gation, in flight, of the pressure distribution over wing tips
has been undertaken by the National Advisory Committee for Aero-
nautice at Langley Field, Va. The investigation has been out-
lined to include pressure neasurements on the right upper panel
of a Douglaeg M-3 airplane with several variatiops in tip form,
systematic in the main; but also including a few odd shapes,
either because such forms are commonly used, or because of the
facility with which they could be tested.

Resulte for the first tip tested, called the "Douglas'" +tip,
have been presented in N.A.C.A. Technical Note No. 347, The
present paper is the second of a series of notes presenting the
resulte of thie investigation, and it includes the data obtained
on the right upper paﬁel with a plain square tip and with a

"square" tip having a simple fairing at the cnd.

B i
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It has becn.desirable, for.the sake of expediency in in-
gtvalling new tips, to outline this investigation with the tip
on the right lower panel remaining unchanged in fqrp, regardless
of the shape of the upper tip. While it was not believed that
the shape of the lower tip would prove to be an important varia-—
ble affedting the load distribution on the upper tip, it was
desirable.to make tests in at least one.case to establish the
~validity of this belief, For that reason and dlso because the
maximum differences in shape exist between a square tip and a
rounded tip of the "Douglaes" form, the present tegthon the
squere tips were made with two forms of lower Tipt. squaTe, and
"Douglas." . The present tests, therefors, represent three com-

binations, viz.:

Upper wing +ip ‘ Lower wing tip
(a) Square ' "Douglas"
(p) Square Square
(¢) Square with faired end Squere

liethod and Apparatus

The 1"~-3 airplane used in these tests is'a normal biplane
with,.however, an.aspect ratio somewhat nigher than usual.
The characteristicé of this airplane are given in Table I. The
shape of the wing-tip plan form'is given in Figure 1, and the
rib profiles in Teble II. The wings were rigged with a slight

washin of about .2°. Deflection measurements made previously
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(Referende 1) indicated that thiz amount would be suffiocient
approximately to’canc¢el thé torsienal deflection at the low an—
glcs of attack. The results given herein; therefore, closely
represent conditions for zere wing twist. “

The precedure followed in these tests was the same as that
followed 4in the tests on the Douglas tip (Reference 1) with the
exception that an extro pressure rid (X) was installed mid-
wey between rib A  and the rToot %o enable a more eccurate de~
termination of the span load curve. . Orifices in ribs and X
were connected to the same pressure capesules by means of ¥
connections ‘in the tubes, screw clawmps being used to stop off
the tuges to one rib .when pressures on the other were being
neesured. By this means, 2lthough it wes not -possible to meas-
ure pressures at ribs X gnd 0O simultgneously{_sufficient
information was obtained on both ribs to establish the span

load and the moment curves at stations X and 0.
Precision

As mentioned in Reference 1, tae Ztcuracy of these tests’
was malniained at a high level, largely becausse of the installa~
tion of all ingtruments in an insulated compariment which wes
mainteined et a constant temperaturoie Part of the prescht tosts
were made during the unusually hot svumer of 19350 - a oiroﬁm;
stance which dcoreased the ascuracy of those teats in conpari-

son with those on the Douglas tip because of the slight malad—
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justments of the instruments caused by the abnormal temperatures.
In genéral, therefore, the dispersion of eXperimental points

was greater in the present tests than indicated in Figures 6

and 7 of Reference 1.’ In addition, the dispersion of points

for rib F was somewhat greater than thé avérage on account of
the relative unreliability of one of the:pressure-capsules

used with this rib. The faired curves given in the final Te-
sults are, however, a reliable represenfatidn of what'may be

expected with the square %ip.
Results

The results are given in Figuree 2 to 5 and in Tables IV
to VIIE, inclusive. Figure 3 shows representative pressure
plots for the plain square tip fhroughout the range of Oy in-
vestigated, the.pressures-for these cases being tabulated in
Table IV. Pressures are tabulated also for the Bquare tip with
faired end in Table V. Thg final results for the plain square
tip are given in Figures E-ﬁnd 5, which show the variation of -
rib Oy with wing Oy :and the variation of rib Oy with rib
Oy ‘respectively. Figﬁres 4 and 5 give corresponding results
for the square tip with faired end. These curves are-all well
established by a large nﬁmbgr of poi;ts, which are omitted in
the figures to avoid oonfuéion. The curves for the root sec-
tion were obtained by extrap&lating span Oy curves and spén-

Cy curves from a large amount of data, and consequently are
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quite reliablel .However, in v;ew_of the,extrapolatién, they do
not'represent,the true conditions near the fuselage and in the
slipstream, but rather more pga?ly'ideal conditions with the
influence oflfﬁé fuselage and slipstreanm absénf.

Curves for Eib D in Figures.3, 4 and 5; have been adjustéd
to give whatlare believed to be more.zrepresentative results.
Heasurements of the rib profiles disclosed the fact that the
camber of ribd D, which was loceted near_the'junction of the new
tip and the wing, was somewhat gresater ﬁhan thé camber of each
of the other ribs which represented more closely true Clark Y
sections. The calculated angle of zero 1lift and the moment
coefficiént'wefe,.thérefore, greater for rid D than for'fhe
other ribsland for the_trug Clark Y section. The order of mag-
nituae of these disdrépancies was surlficient to account for
humps in the span 0O, and span Cy ocurves at ridb D. For that
reason, corrections wefe made which eliminate the effect of the
slightly excessive canmber. Wnile the results given for rib D
do not, therefore, strictly represent the measurements, they
are reﬁresentafive of|a more nearly perfect wing, and are, there-
fore, more”useful.'_ - T

For oonveniehce, the ordinates ,of the curves of Figurest
to & are given in Tablés VI to VIII,.inclusive. To use these
curves or tables Tor.gqy wing Oy (Qr.praotically'Speaking,
for any wing 1ift qqéfficiegt), the span O -distribution may

be obtained from Figures 3 or 4 (Tables VI or VII) by plotting

||1!
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the corresponding values of rib Oy at their proper locations
on the span base line, as determined from Figure 1. The-corle-
sponding values of rib Oy may be obtained from Figure 5 (Table

VIII) and the center of pressure locus oan then be Arpwn from
Oy

thae relation GP =-6-.'
N

Discussion of Reéults

While it is not intended to go into any extended analysis
or discussion of the results of these wing-tip tests until the
completion of the investigation justifies such action, several
vroints may be brought out here.

It will have becn noted that the final results are presented
with no reference to the shape of the lower tip. The reason
for this is that tests made on the plain square tip gave the
same results, within the experimental error, whether the square
or "Douglas" tip was used on the lower wing. Thie is believed
to be sufficient evidence that the shape of one wing tip of a
biplane with normal gap-chord ratio has no appreciable effeot
on the load distribution over the othex. |

Figures 3 to 5 indicate that the siuple fairing‘on the end
of the tip results in an appreciable decrease 5f load as far in-—
board as rib E, but does not cause any great difference in the
mouent for the same local 1ift coefficient. The magnitude of
this effect is a little surprising in view of the apparent

minor nature of the alteration to the tip, and leads to the be-
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lief that other tvpes of fairing mey give appre01ab1y different

results,.

Langley lemorial Acronautical Laooratory
National Advisory Committes fox Aeronautics
Langley Field, Va., Decenber 29, 1830.
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1. Rbhode, Richard V. ' The Pressure Distribution Over s
and ¢ Douglas Wing Tip o2n a 3iplane in

Lundquist, Eugene E. ?Fllgnt -.A.G.A. "Tockinical Note
: . No. 247, ¢950
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TABLE I

Characteristics of Douglas i3 Airplane

Type . . . . . [ a . . .. -. . . .- - . L] . . . . L] L] Bipla:ne

AirfOil . . . ‘e . . 'u 'n: e ‘e e "« 'c‘ v e '- ] . . . . Cl&l‘k Y

Span (upper and 1OWET) « « « « o « « o« « o « & . . 45 f%.

Chord (uppér and lower) . . e e e e 5 u
Gap « « .« « & e e e s e e e e e s o e . . B0
Stagger .« . . . . . . o0 0. | :
C.G. in peT cemt of GhOTA . v { + 4 i . . . . . .

Orlglnal *Square Square

upper upper
| and
Areas (sq ft ): . . o ~ lower
Right upper Wlng 1nclud1rg : ' ' : '
alleron _ _ 136.4 5139.0 130.0
Right lower wing inocluding : S - '
aileron , | . 128.4 126, 4 130.0
Total wing area © - . B05.6  509.2 513.8
Horizontal taii surfaces | ;
Vertical " L . S
Weight during tests ;';14é4611b.
Engine - Liberty:
Rated hp at 1750 r.pim. - -« - 480 ;
Power loading’' . . 11 53 lb..per}hp
Wing loading a  119.57 1b, per'sq.ft.

*Left wing panels remained unchanged.’

10 in.
8 i
0 4
none

29

Sduare
faired

129.0

130.0
511.8
58.0
17.7
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Ordinates of Pressure Ribs -

[ i
Station | ~Clark ¥ Rib A Ribt B Rib C " Rib D Rit E Rib F
in i N
¢ chord | Upper Lower Upper ! Lcweri‘:fgper Lower Up_cerllwer Uoper lLﬂwsr ; Unper [Lower | Unmer {Lower
.00 3.50 13,50 | 3.49 |3.49 ! 3.36] 3.36| 3.491 3.49 ! 3.351 3.35 | 5,54§ 3.54! 3.17] 3.17
1.25| 5.45 |1.93 | 5.56 |1.93 | 5.34] 1.79 | 5.42| 1.8a | 5.38| 1.88] 5.55 1.93 | 5.51| 1.75
2.50! 6.50. | 1.466| 6.52{1.47 | 6.38! 1.33 | 6.43] 1.38 | 6.39] 1.43 | " 6.43] 1.43 | 6.39] 1.29
5.00 | 7.90 | .933} 8.00| .97 | 7.90| .e3| s.00l .s7-] w.90! (87| 7.90| .e3! v.es| .78
7.50 8.85 629 9.05{ .65 | 8.91] .28 8.96] .46} &.92}1 .51| 9.01 .46| 8.@i .51
10.00 | 9.60 42 | 974! .46 0,65/ .32 9.65[ .32 | 9.65| 37| 9.74l B7( 9.60[ .32
15.00 | 10.685! .15 j 10.76|. .28 [10.67] .14 ]10.62! .18!10.71! .18{10.75| .18 10.88] .09
20.00 | 11.36 L0331 11.26| .09 [11.26| .05 |11.26| .05 |11.27| .09 11.35| .09| 11.30| .00
73000 | 11.70 .00 | 11,73} .00 {1%.811 .00)11.81| .00 |11.72| .00% 11.67{ .0O| 11.674 .CO
40.00 | 11.40 .00 | 11.36| .00 {11.40| .05 |11.45/ .00 :11.44{ .00 11.40{ .00; 11.30; .00
50.00. | 10.515! .00 | 10.48|. .00 |10.58] .03 |10.58] .08 110.52| .09| 10.88| .09} 10.48!! .05
60.00 { 9.148]| .00 9.19|-.06| 9.4! .09! 9.25| .14 9.24| .09| 9.24| .14 9.24| .09
65.00 8.0 ( .00 | 8.27| .00 8.54] .09 8.45] .14; 8.36; .09| 8.36] .18 8.2Z2! .09
70.00 | 7.35 | .00 { 7.36| L0 P 7.68 .09|.7.67) .14} 7.49) .14| 7.40| .14] 7.40[ .12
80.00 | 5.216| .00 | 5.3%2] .00| 5.85| .18! B5.70, .23} 5.51| .09| 5.5 18] 5.511 .14
20.000 | Z.802| .00 | 2.80] ~-.08| 3.31} .23| 3.21} .18 3.x2| .05! 3.08) .1a| z.12] .14
95.00 | 1.404| .00 1.82{-~.09! 2.02| .14l 2.02{ .09| 1.84! -.05] 1.88{ .05| 1.84| .14
100.00 .12 .00 W23 | =23 4 .00 .65 .00 46| .23 55 —.08 .60 .00
i ' |

¥ote: A)] ordinstes given are in per cent of chord.

0T

092 *ON E’E}DH '['ED'FUI{DGII 'v'_'_DlV-JH_ .
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TABLE III
Orifice Locatigﬁs in per cent Chord
Orifice R i.' D -
‘o . .A... T 5 E C | ; D g 7
17 T Ll.sd | T1.47 | a.ar | 1l.a7 7 158 1.52
2 | 38 | 2.94 | 3.02 2.94 | 3.23 | ‘401
B | 445 | 44l 4,49 - 4féiT. 470 "6.63
T 1 6.69 6370 6469” é,éz. ‘16.59_ 11.17
5 13:31 | 13:50 | 15,50 | 13.24 fis.zs 18.48
8 35.00 ésioo 25.00 Izs;éo 35.00 35.29
7 gi;so 41.40 41;30 41.35 41.25 54.54
8 59.50 | 59.10. | s8.830. | 58.89 59.04 73.50
9 73.70 | 72.00 72.30 72.11 73.21 89.78
10 94.40 | 94.50 94.40 94.41 94.58
L . o] .
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TABLE IV
Recorded Pressures in Ixfi)lltiples of q
(Square tip '
Run Ne. 163 Wing Oy = .168
Oorifice R i D . __
No. A B D E F
1 ~1.28 ~1.1% -1.10 ~1.08 -1.01 - .80
3 - -75 bl -81 hand -68 - .59 hand '69 - 04:6
3 b ) 4.'7 - -59 han A 56 - . 85 hand 4.9 - a 10
4 - .20 - .15 - .29 - .13 - .30 .10
5 L7 ks .10 + 3L .20 .38
6 . 58 " 42 . 50 . 87 . SO -
7 44 .35 .51 .44 .33 .17
8 . 38 .50 .30 « 3D 2L .09
9 .19 .17 .21 .20 .10 .05
10 -09 -17 005 009 007 hand
Run No.. 147 Wing Oy = .367
Orifice R i Db _ .
No. A B o D E F
l haad -54: — ¢68 bt -67 e n88 b 066 hand 175
3 - .34 | - .42 | <= ,42 ~ .42 | - .85 | - .39
3 - 13 - .08 - .23 - .10 - .37 - .04
4 .20 .08 |+ O 12 - .08 15
5 . 34 .15 .29 .37 .36 .08
6 .42 . 49 . 34 e 38 <40 . 36
7 .Bb .49 23 .49 .39 .36
8 .28 e 23 .29 . B4 .25 . 15
9 33 « 13 « 30 .35 .18 » 15
10 .10 «10 .05 | «13 07 -
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STABLE IV (cont.)
Recorded Pressures in c_ul’czples of q
( Square tip)
Run No. 144 Wing Oy = .378
Orifioce ‘R i b
No. A B | 0 D E- F
1 .03 |-= .15 = .09 | - .4l 38 | = .30
3 R .08 .04 .04 .22 | - .07
3 £ .30 .54 .19 .30 .07 .15
4 .54 45 . 34 C WAL .33 .30
5 - .59 .38 ; B2 © .58 .45 .41
6 « 58 .66 T .48 .50 " .48 .36
y4 w64 .56 .43 .57 T .44 . 36
8 . 34 W37 .34 .37, .28 .19
) 28 w13 - .30 - .37 " .30 .17
10 .10 _ .12 .05 i}'.12 " .09 -
Run Wo. 1568 ° ) " Wing Oy = .578
Orifize R i .pT 7 =
No. A B | ¢ D E F
1 1.45 1.11 1.03 .86 L7877 | T .87
3 1.38 1.20 2111 . 1.05 .13 .58
3 1.28 - l 33 1:14 1.14 .81 .87
4 1.395 1.17 1.11 1.63 .89 . 56
5 1.11 .89 .89 .95 .78 .53
5] .+ 89 .86 .70 .70 . .83 -
7 .78 .64 *:58 .81 e dd .31
8 43 .38 « 36 «36. © .38 Y
2 +38 .30 «33 153 :19 .38
10 .08 .03 .08 -

11

.09




14 ¥.4.C.A. Technical Note No. 360
TABLE IV (cont.)
Recorded Pressures in Multiples of q
. (Squere tip) .

Run No. 76 Wing .Oy = .791..

Orif_ice R-i Db '
No. A B 0 D E Foo.
1 2.12 1.50 1.46 1,137 | 1.10 .80

3 2.03 .1.85 1.49 1.29 1.07 .80
'3 1.90 1.73 1.683 1.57 1.17 1.06
4 1.96 1,73 1.54 1.50 1.26 .82
5 1.56 1.28 1.35 1.20 1.18 .83
8 1.20 1.19 1.01 .85 .93 41
7 1.03 .84 .78 - .71 .70 .52
8 054: -':51 —54.' , 51 539 ._39
9 137 . .25 39 .35 .30 -~
10 A1 e .08 .10 13 ~

Run No. 154 " Wing. Oy = 1.001

Orifice - R i b -

No. A B o D E T

1 3.85 Z.85 | - 2. 95 3020 2. 80 2.10
2 3.80 3.00 2.70 2.50 5.10 1.80
3 3.95 .85 2.80 2.50 5.00 1.50
4 2.80 2.55 3:50 .20 “2.00 1.05
5. 2.15 1.80 1.75 1.70 1.50 .90
6 1.55 .45 1.18 1.75 1.05 -

7’ 1.10 .85 ..85 .85 .68 .50
8’ .60 . BO L5001 L5G - 40 .45
9, .30 35 .25 23 .30 .50
10 .10 .15 .05 ".10 5 ;15 -
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TABLE IV (cont.)
Recorded Pressures in Kultiples.of. .g
(Square tip) -3
Run No. 152 - W*ng cN 1.390 |
Orifice R i b o -
Ho. N 3 o D E 'F
1 "'5.25 4,32 '} 4:;37. | 3.50.. | 3.50 3.28
2 5.46 4,33 4,31 . 3.80.. 3,23 2.53
. 3 40'9_8_ "4.16 3.8_0 3-?5 - 3 12 2 14.‘
4 4.30 -3.87 3 41 3.33.. 2.84 1.56
5 3.03 2.76 3.47 2.34 2,03 1.25
8 2.03 1077 1.68 1.56 1.41 .88
7 1.41 '1.15 1.04 1.Q9 .97 .91
8 .70 ".55 .84 :63 -aB5 1.04
9 -4:1 _-.29 -4:2 n'477 ‘ !.54: l 03
10 .21 .19 .10 .17 ~423 -
]

Run ¥o. 164 Wing Oy = 1.502 .
orifice | R i b o '. -
¥o. e B o D E F

1 5.98 4.78 4.68 | 3.87.. 3.86. . 3.54
3 5.23 4.88 4.38 - 4.10. r3.44. 2.31
4 4,89 4.07 3.923 . 3.81 5.26 1.75
5 3.33 3.00 2.87 2.58 2.23 1.44
8 2.17 2.04 1.78 1.88 1.53 -

7 1.41 1.28 1.18 1.3 | 1.04 1.19
8 .85 58 .68 70y .70 1.86
9 .40 .40 AL Bl i B9 1.50
10 u':28 cl.s llg ‘s 19 . 126 -
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TABLE V
Recorded Pressures in Multiples of !
(Square tip Wl'bh faired end)
Run No. 176 Wlng Oy = —.0853
. Orifice R 1 D S
d :
YO A | B v D E 'F
1 -2:70 :| -2.34 | -2.33 =1.81 | -1.90 | -1.33
3 -1.91 -1.7Y8 -1.74 =1.58 -1.69 - .78
3 ~1.46 ~1.37 -1.48 ~1.17 ~1.33 - .31
4 ~1.01 -1,0L1 -1.086 - .80 =~ ,88 - .11
- B - 47 - .B7 - 40 - .28 - .22 .05
8 - 04 .01 - .03 .03 .09
7 233 .16 11 .19 .17 .07
8 » 13 14 .17 3L 17 .07
9 o 009 llS 515 ulS .10 O
10 .08 .05 .04 O .05 =
Run No. 176 Wing Oy = .1654
Orifice ‘R i b |
No. A B 0 D E F
1 -1.22 | -1.24 | -1.18 -1.04 | -1.19 - .72
3 - .77 | - .88 | - .81 | - .82 |- .93 ~ .38
3 hened -60 b ¢43 hand -67 had .55 g - 0.58 b '06
4. ~.28 | - .28 | ~ .33 | - .15 |} -..30 .15
5 .15 | - .08 .05 ~.15 |} .15 .10
6 ‘s 29 .’35 - ~ - 025 R ] 83 (] 15
7 5l « 35 +39 .33 " .29 .13
8 .30 .39 .28 .30 .24 .12
9 19 .18 " .16 © .22 .15 .03
lo ‘e Og i olo . -05 1.08 i --_0'5 s
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”ABLF v (cont )

Recorded PLGSSUIGS in kultlbles of q

(Square tip with faired end)

17

Run No. 196 Wing Gy = <383
Orifice _ R i b-  °~
. NO- ] .A B . ﬁ . D :E—. ..F.
1 .08 0 11 1 - .38 .41 .17
.2 .23 .23, -.18. .05B. .12 .07
.3 37 .51 .53, .31 .08 .28
4 .76 AL .83 .40 .85 .31
) .87 .30 .70 .54 A4 .13
6 - .58 .63 .81. .48 V3 .24
.7 .57 47 .48 V3 .33 .13
. 8 L 31 .27 .43 <29 .20 13
9 .18 -:18 .30 u19 ‘. 14 ._:LO
10 .07 .05 .08 .08 .08 -
| S S .
Run No. 177 Wing Oy = .573
Orifice R 1D o
-No. A B s} D E. . . P
1 1.19 .90 .79, .67 .E5 .31
. 2 1.20 | 1.14 .92 .84 .50 ', 38
3 - 1.23 1.17 .93 1.01 .78 .53
4 '1.36 1.15" .95. 1.00. .80 .42
5 1.11 .79 . 90. . 98. 75 .26
8 .84 .80 = .71 .61 .28
7 .79 .85 .54 .58 A6 .19
8 L43 .37 .41 .39 20 - .18
9 .29 .21 .30 .26 21 .13
10 .07 .15 .05 .10 .13 -
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- TASLE V (cont.)

Recorded Pressures in Multiples of ¢

(Square tip with faired end)

Run No. 300 Wing Oy = .705
Orifice R 1 b
No. A B ar D E F
1 1.786 1.37 2.09 1.01 .94 .B9
3 1.83 1.50 1.71 1.08 .88 .58
3 1.89 1.58 1.95 1.33 .98 .60
4 1.80 1.45 1.73 1.30 1.04 « 58
5 1.3% 1.00 1.51 1.13 .94 .36
6 1.04 1.03 1.33 .85 .68 .40
7 .88 .78 .83 .83 «B0 « 30
'8 C L AT <43 .80 .38 <35 . 06
‘9 .30 .33 34 .29 .33 .16
10 ,10 .08 .11 .08 el -
Run No. 187 Wing Oy = .919
Orifice R-1 b
No. A B % D E F
1 2.58 1,99 3.39 1.52 1.43 .01
2 2.53 3.08 2.65 1.73 1.42 .87
3 2.48 2.17 2.88 1.56 1.41 .80
4 2.39 1.91 2.48 1.83 1.43 .85
"B 1.84 1.43 1.92 1.43 1.1%7 .54
8 1.29 1.19 1.66 1.04 .89 50
7 1.04 .86 1.01 .78 .65 .40
8 .58 .49 71 « 49 A4 .85
9 Y .30 b3 <38 .35 .36
lo . ll 00_8 - 1'6 . 13 ) . 17 fand
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TABLE V (cont.)
Recorded Pressures in Multiples of ¢
(Squared tip with faired end)
Run No. 178 Wing Ox = 1. 296
Orifice ' R 1 b
Yo. A - B ." RCEE D . E ¥
1 5.20 4.03 579% 3.9, 3.3L1° 2.14
2 4.83 4,59 "3.73 3.386 3. 0L 1.75
3 4.39 4.03 | . 3.57 3.50 - 3.93 1.58
4 4.13 3.45 *3.11 © 3.0L 2.60 «1.13
5 - 2.93 23.57 . B.38 3.281 .1.87 .84
6 1.98 1.72 T - o 1.44 .26 .73
7 1.35 1,14 1.00 - 1.00 .21 .75
8 .73 .60 .63 .60 .68 1.16
9 43 .34 39 . 48 .55 .33
10 . 7 .015 .10 116 24 Land
Run XNo. 197 Wing Oy =-1.441
Orifize _ R 1 D o
No. A B I D E P
1. 5.50 4,39, 5.58 3.55 3.837 3.31
2 4.9 4.84 5.13 3.54 3.18 1.87
3. 4.73 4.30 5.16... .3.88. 3.99 1.68
4 4.32 3.80 £.68 G 4 2.80 - 1.38 -
5 . 3.15 ..8.68 3.423 . - .8.38 1.94 .90
6 3.123 1.83 .43 - . 1.58 1.38 .78
7 1.423 1 19 l.44 - 1.06 . .98 .81
8 . .76 .57 085 ’ : -65 '0'70 * l 28
9 - &L .33 .50. ..« B0 . 43 .24
10 .18 .11 7 17 .37
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- TABLE VI
Coordinates of Curves of Fijgure 3
(Square- tip)

Wing R1b Oy ) _
CN . N .. C T war .7 R
Root X A . B o] D B P
o |;.000| .0c0| .0o00| .000}| .000{ .000| .000| .000..
1 | .115| .112| .108| .o91| .086 | .09 | .o70| .055
I T2 1029 | ).059 qo$ g5s 770 .|. 700 5sS

t .87 | .281| .23¢| .210| .181| .171| .158| .140| .11l
.3 | .347 | .335 | .315] .271| .257 | .338 | .214| .173

' nss. |l jes5e | 908 £s5 | 113 72| st%

g 4 L4682 | W44 .420 | .382 | .343 | .317 | .385| .B35

.5 577 | .58 | .535 | .453| .438 | .396{ .360| .300

1155 b jo5° 93 gsb 742 725 417

* .8 893 .670 | .830| .542] .514 ! 475 .435] .370

7 .808 | 781 .735]| .833 599 | .554 | .508| .442

: ] 155 i JoZ0 0¥ g5k ~g2.- 732 L Ys

.8 | .924! .894| .40 | .73 .685| .634| .586| .518

.9 1.039 {1.005 | .9451 .814! .770 ! .v13 | .e64| .597

1.0 |1.154 |1.117 |1.050 | .904| .858 | .793 | .745| .685

1.1 |1.370 |1.238 |1.160{ .994( .943| .871| .828| .790
o L1 S5y lit® £ O Yt Qo4 . £57 712 762 NEL D

+ 1.2 |1.384 ;1.334 |1.253 |1.085| 1.028 | .951 | .914, .909

1.3 - [1.495|1.436 |1.353 | 1.175| 1.114 {1.030 | .999] 1.042

1134 o4 100 1020 o ¢sL. 713 77l ¥57

1.4 |1.595|1.540 |1.450 |1.265! 1.800 | 1.110 | 1,093 | 1.203

1126 .| 10k¢ 1o 2l 912 gbo | goo 74b 976

. 1.5 |1.8907{1.632 |1.531 |1.368 ] 1.290./1.200 | 1,195 1.465
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| ”ABLE VII
Coordinates of Curves ;Jf F:Lgure 4
o (Square faired %ip)
Ting R 11 b Oy
i N _ 20
' . Root | X | A B, ¢ - D | E F.
0 | .000 |-+.000 | +.000 | 1000 | 000 [ .000 [ .000 | .000
oL ;120-'-.1i3 107 | 093 | -oss .080 | .069 |°.088
vz | .336 | i3%4 | izl3 | -.183 ;172 | 180 .135 | .080
o3| .mma | ss7 | isis | Lav4 | .3%8'| 240! .203 | .124
5:4ﬁ'ri;458'?-;449 424 | .366 | ".345 | .3230 -.259 *.170
“vB | BBET| -UBGL || 1530 | 457 | U431 | 1400 336 | .218
w6 [ 0L |- 878 |- 1687 | 548 | 517 | iusb |- 405 | 275
s o818 rves 1743 | .e401 .603 | -.580 -.a76 | .334-
g |03z ees | Bde | i7sa| .690 | .640 | iBSI | 1403
Theg 1,048 {-1:010 | .958 833 |76 | 730 | 830 | .avs -
107 1.164 ] 11122 17061} -.914 |- :883 | -.800| 708 | .558 -
1.1 j'1.280 1.233 | 1.165 | 1.005 | -.947 ] -.8807 " ".789 | .643
1.8 | 1.397 | 1.345 | 1.867 | 1.098 | 1.033 | -.960| -.873 | .733"
1.3 | 1.510 | 1.453 | 1.365 | 1.188 | ‘1,133 | 1.040 | - .958 | 828
1.4 | 1.611 | 1.557 | 1.463 | 1.283 | 1.214 | 1.,136"| 1.053 | .930
1.5 | 1.710| 1.656 | 1.550 | 1.388| 1.515 | 1.832 | 1.160 |1.055
] S |
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.. TABLE VIII

Coordinates of Curves of Figure 5

Rib

Q
12

. Root

4

SQ.

F sq.
falred

13

N G G R ®W D O

©

1.0.
1.1.
1.2
1.3,
1.4,
1.5.
1.6
1.7

~.071L.

e 116'

—-.184
-.308.
~.339
-.351
~.374

~.298.
)
—.341,
~.364.
~.386.
~.4089.

bt 431
—-.454

-.0%70
—7092
-.114
-.137
-.159.
-.181,
—.303.
—.335.
—~.2348.
~.370.
—.293.
-.314.
-.336.
~.359
~.38L

.~O4OS¢

._"--350.
'-_--371.
"'c 593.

Z. 069,
~.091L
fmlla.
~-.134
~-.155
177
-.199.
~.230.
~.342.
4.3’63l
~.285
--'.3071

!
~a 388.

- -

-.086
—.108.
-.127
—-.148
~.169
~.189.
-~.310.
-. 331
-.351
-.2373.
~.393.
- 313,
~a334.

—.355.1"

e 059

e 081.
-.104.

—-.137

~.151.
| -.174
=.197.

e 820

—~e343,
~.367.
Ji=.390.
—-.314,
~. 338,

-,054
-.074
-~.095
-, 11%7
-.140
-.164
~.190
-.318
-.344
-.373
—~«300
~.329

—~.358

~r034
~.081
~.0923
~.125
-.161
~.199
~.339
~.283
~.337
=574
~.4233

—-473- .‘
-.534] .

~.575

—-.684

—~.037
~.051
~.083
-.120
~.158
~.198
~.239
~.282
~.327
—.374
~.423
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Fig. 1 #-3 wing witlh pressure ribs & orifice locations.
(8quare & square-frired tips)
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¢.P. /} chor
a 46.9
b 47.7
0 52.6
d 50.3
e 50.3
£ 53,9
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Run 147, Ty-19,
time stort

Fig. @b Pressure distribution. GR=QB67
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Fig. 3c Pressurc distribution. Cy=.378
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G.P. % chord - 5
a 30.71 g
b 30.35 3 1
c 32.80 3
(0]
a4 32.80 Rio
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f 38.90
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Fig.3e Pressure digtribution.Cyx=.791
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g.P. % choxd
a 26.7
b a7.8
c 26.8
d 8.7
e 38.9
f 37.1
\\

Run 154,Wz-31,
time start

Fig.3f Pressure distribution. Cyx=1.001

Pressure, g

Eal

<

840K TBOTULOS]

T DTVN

Lyl

0gg " ox

F-2Td




N

Run 153,Wg-30,
time 2.5 sec.

Fig.2g Pressure distrlbution,Oy=1.390
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Fig.3 Rib Cy vs wing Oy (square tip)
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